Fertility restoration of maize CMS-C altered by a single amino acid substitution within the Rf4 bHLH transcription factor.
Type C cytoplasmic male sterility (CMS-C) is the most commonly used form of CMS in maize hybrid seed production. Restorer of fertility 4 (Rf4), the major fertility restorer gene of CMS-C, is located on chromosome 8S. To positionally clone Rf4, a large F3 population derived from a cross between a non-restorer and restorer (n = 5104) was screened for recombinants and then phenotyped for tassel fertility, resulting in a final map-based cloning interval of 12 kb. Within this 12-kb interval, the only likely candidate for Rf4 was GRMZM2G021276, a basic helix-loop-helix (bHLH) transcription factor with tassel-specific expression. The Rf4 gene product contains a nuclear localization signal and is likely to not interact directly with the mitochondria. Sequence analysis of Rf4 revealed four encoded amino acid substitutions between restoring and non-restoring inbreds, however only one substitution, F187Y, was within the highly conserved bHLH domain. The hypothesis that Rf4 restoration is altered by a single amino acid was tested by using clustered regularly interspaced short palindromic repeat (CRISPR)-CRISPR associated protein 9 (Cas9) homology directed repair (HDR) to create isogenic lines that varied for the F187Y substitution. In a population of these CRISPR-Cas9 edited plants (n = 780) that was phenotyped for tassel fertility, plants containing F187 were completely fertile, indicating fertility restoration, and plants containing Y187 were sterile, indicating lack of fertility restoration. Structural modeling shows that this amino acid residue 187 is located within the four helix bundle core, a critical region for stabilizing dimer conformation and affecting interaction partner selection.